INTRODUCTION
Soil salinization is an increasing problem world-wide. Global estimates indicate that at least 1.5 billion hectares of land are salt-affected (Choukr-Allah, 1996) . In many oil production areas, contamination of soils with oilfield brines is a significant environmental problem (Merrill et al., 1990) . Brine salts are predominantly chlorides, 90% or more NaCl (McMilion, 1965 , can be phytotoxic if concentrations are above levels that plants can tolerate, even though most of these elements are essential for plant growth (Munn and Stewart, 1989) .
The United Nations Environment Program (UNEP) estimates that 20% of the agricultural land and 50% of the cropland in the world is salt stressed (Flowers and Yeo, 1995) . Because of this the latest investigations were focused on amelioration methods (Qadir et al., 2001 (Qadir et al., , 2002 (Qadir et al., , 2005 Li et al., 2004) . On the other hand salt-accumulating halophytes could be used to revegetate and improve the quality of saline soils (Flowers et al., 1986; Zhao, 1991) . Halophytes have adopted different strategies in order to survive periodic soil saturation. They are usually divided into euhalophytes, which have succulent structure and accumulate salt in their tissues, and crinochalophytes, which are capable of excreting salt, usually through salt glands and bladders (Zhao et al., 2002; Voronkova et al., 2008) . Specific conditions of salt soils, primarily high concentration, different quality and quantity of salts and variability of water content in soils, affects specific morpho-anatomical adaptations of halophytes (Knežević et al., 1998; Polić et al., 2009 ). The leaf histological components are the most satisfactory parameters for the study of the relations between halomorphic structures of plants and their habitat, although anatomy of other plant organs could give additional information (Colombo & Trapani, 1992) .
Of the Dicotyledoneae, the Chenopodiaceae has by far the highest proportion of halophytic genera (44%). With 312 halophytic species it is probably the family in which salt-tolerance is most widespread (Flowers et al., 1986) . Many genera of Chenopodiaceae, especially Atriplex, Suaeda and Salicornia, are extremely salt tolerant and have been studied for their potential use as forage and oilseed crops (Watson, 1990; Glenn et al., 1991 , Rozema et al., 1995 .
Salsola L., a genus of 100 to nearly 200 species, is one of the largest genera within the Chenopodiaceae (Botschantzev, 1969 (Botschantzev, , 1979 Cronquist, 1981) .
S. soda is an annual, succulent shrub up to 70 cm tall. It has fleshy green leaves and either green or red stems. The tiny flowers develop from inflorescences that grow out of the base of the leaves near the stem (Slavnić, 1972; Akeroyd, 1993) . S. soda is native in Eurasia and North Africa. It is also found on the Atlantic coasts of France and Portugal and on the Black Sea coast (Jalas and Suominen, 1989) . It has become naturalized along the Pacific coast of North America, and there is concern about its invasiveness in California's salt marshes (Baye, 1998) . In Serbia S. soda is an endangered species which distribution is limited to saline areas in the northern part of Serbia, while in Montenegro this plant can be found only on the Adriatic coast (Slavnić, 1972) .
This study was performed in order to reveal structural features of S. soda, particularly anatomical characteristics of leaf and stem, allowing them to survive under specific environmental conditions. Another aim was to determine the structural differences and variability rate between populations from maritime and inland saline areas.
MATERIAL AND METHODS
Morpho-anatomical analyses were done of plant samples from two populations of S. soda growing in Ulcinj salina (maritime saline area, Montenegro) and Okanj (inland saline area, Serbia; Table 1 ). The soil at the collection site contained very small amount of salts in inland saline area -0.03% compared with locality from maritime saline area (0.8%). The alkaline reaction was higher at Okanj locality (8.8), than in Ulcinj salina locality (7.5). Plants were determined at the Department of Biology and Ecology, University of Novi Sad. Voucher specimens were deposited in the Herbarium of the Department of Biology and Ecology, University of Novi Sad -BUNS (Table 1) . For anatomical investigation ten plants of each population were used. For light microscopy observations leaf epidermal prints were made after Wolf (1954) . The leaf surfaces were covered with liquid transparent lac, and epidermal prints removed using transparent adhesive tape. Stomata were counted on five randomly selected areas of the adaxial and abaxial surfaces and calculated per mm 2 of the leaf surface. The segments of leaves and stems from the middle part of the plants were separated and fixed in 50% ethanol. For light microscopy, cross sections were made using Leica CM 1850 cryostat, at a temperature of -18° C to -20° C, at cutting intervals of 25 mm. Sections, epidermal cells and stomata were observed and measurements made using Image Analyzing System Motic 2000. Relative proportions were calculated for leaf and stem tissues, and expressed as a ratio of the whole cross section area of each organ. Data were statistically processed by analysis of variance and means, and standard errors and coefficients of variation were calculated using STATISTICA for Windows version 10.0 (StatSoft, 2011) . The significance of differences in measured parameters between the populations was determined using t-test (p≤0.05 and p≤0.01). The general structure of sample variability was established by Principal Component Analysis (PCA), based on correlation matrix.
RESULTS
The stem cross sections are rounded to elliptical in shape, with incisions. The stem has a single layer of epidermis (Figure 1 ).
Stem cortex was differentiated into one layer of collenchyma located subepidermally (Figure 2A ), one layer of chlorenchyma beneath it and several layers of thin-walled parenchyma cells that do not contain chloroplasts. Paren-chyma cells are generally large, except in incisions of peripheral part of cortex where they are much smaller. In central cylinder, numerous collateral vascular bundles are arranged in a circle, with well developed sclerenchyma tissue above them ( Figure 2B ). Pith parenchyma is compact, composed of relatively large parenchyma cells, with no cavity present. The plants of the population from Ulcinj salina had significantly higher stems (22.3 cm) than plants from Okanj (14.6 cm), with larger diameter and cross-section area (Table 2) . They also had higher percentage of cortex and pith parenchyma. Significantly higher proportions of epidermis and vascular bundles with sclerenchyma were only recorded in plants from Okanj. The mean cortex thickness: stem radius ratio was 0.352 and 0.376, from population from Ulcinj and Okanj, respectively. The leaves are of succulent structure ( Figure 3) . Their cross sections are round to triangular in shape. The leaves have a single layer of epidermis, formed of almost isodiametric, relatively large cells. The epidermis is provided with a thick cuticle. Stomata of paracytic type occur on both leaf surfaces of these species and are slightly under the level of epidermal cells. Underlying the epidermis is a layer of chloroplast containing hypodermal cells, which have calcium oxalate crystals. The mesophyll is differentiated into palisade tissue and atypical spongy tissue which expands to water storage tissue. Palisade tissue is uniseriate, composed of cylindrical cells, placed between hypodermis and chlorenchymatous bundle sheath (Figure 4) . Together with bundle sheath layers it forms a discontinuous ring. Water storage cells are large and thin-walled. Those adjacent to bundle sheath often contain cubic crystals. The leaf cross section area was significantly higher in plants from Ulcinj salina locality, due to better developed water storage tissue (Table 3) . Number of stomata /mm 2 on adaxial and abaxial leaf side, proportions of epidermis, hypodermis, vascular bundles and palisade tissue were significantly higher in plants from Okanj locality. No significant differences between plants of these two populations were recorded in stomata size on adaxial and abaxial leaf side, leaf and cuticle thickness, percentage of bundle sheath and the size of palisade cells.
Principal Components Analysis (PCA) showed that examined characters had generally low variability. It indicated three groups of characters, which explained 69.08% of the total variation (Table 4 ). The first principal component explained 43.51% of the variation. It was defined by the stem cross-section area, proportions of stem epidermis and vascular bundles with sclerenchyma, number of stomata per unit on adaxial leaf side, length of stomata on abaxial leaf side, leaf cross-section area and thickness, as well as proportions of all leaf tissues, except the bundle sheath. The second principal component explained 16.14% of variation due to the variability of proportions of stem cortex, cylinder, pith parenchyma and stomata width on adaxial leaf side. The third principal component explained 9.43% of variation due to the variability of cuticle thickness only. The most stable parameters, which did not contribute significantly to the total variation, were the most of the stomata parameters, percentages of bundle sheath tissue and the size of palisade cells. *, ** -differences between the localities significant for 0,05 and 0.01 level of significance respectively; ns -differences between the localities not significant
According to the type of variability, examined populations were grouped by PCA (Figure 6 ). The projection of the cases for the first two components showed that the two examined populations could be clearly separated according to the type of variation of the examined parameters along the first axis. Population from Montenegro showed higher level of homogeneity. 
DISCUSION
On the basis of leaf and stem anatomical characteristics of the two examined S. soda populations, it could be seen that both of them show a combination of halomorphic and xeromorphic structures.
The ratio of the cortex thickness to stem diameter was 0.352 (Ulcinj salina) and 0.376 (Okanj), which is within the usual values found in xeromorphic stems (Fahn and Cutler, 1992) .
The leaf is the organ that reacts the most to external environmental conditions, like those on examined localities (Fahn and Cutler, 1992) . This was also proved in our examination. The results of PCA analysis showed that leaf parameters were dominantly present on the first axis and defined the most of the total variability. Therefore, two analyzed populations were clearly separated by PCA analysis along the first axis, mostly based on the variability of leaf anatomical parameters. Different environmental conditions on the two habitats and different types of leaf anatomical responses, induced this high variability.
Compared with the leaf thickness of Salsola species from South Africa, as well as Salsola oreophila and Salsola australis, the two examined populations of S. soda have thicker leaves (P'yankov et al., 1997; Klopper and Wyk, 2001) .
The presence of a hypodermis is a common feature of many members of the Chenopodiaceae, as well as other Salsola species (Solereder, 1908 , Carraro et al., 1993 , Patrignati et al., 1993 . The abundance of calcium oxalate crystals present in the hypodermis, might serve as a protective measure against insects and other small herbivores (Franceschi and Nakata, 2005) . They also protected cells from excess calcium, regulate ion balance and help detoxication of the plant. Carolin et al. (1975) stated that presence or absence of a hypodermis appears to have no taxonomic significance in the Chenopodiace, but that statement was not supported by Klopper and Wyk (2001) . These authors recorded that presence or absence of a hypodermis has been used to divide Salsola species into two main groups.
According to Solereder (1908) , Metcalfe and Chalk (1983) , Klopper and Wyk (2001), Voznesenkaya et al. (2001) , the leaves of Salsola species have a thick mesophyll. Our results showed that palisade mesophyll is well developed in both studied populations. The spongy mesophyll is not typical, but is rather characterized by the absence of intercellular spaces. It consists of centrally placed aqueous tissue enclosing the main vascular bundle.
S. soda has so-called "Salsoloid" or Kranz type of photosynthetic cell arrangement (Voznesenkaya and Gamaley, 1986) , which can occur in succulent cylindrical leaves. However, some Salsola species have different cross-section leaf anatomy. Carolin et al. (1975) described S. webbii as lacking Kranz type anatomy and they considered it an example of a reversion to non-Kranz anatomy in Salsola. Such features were also recorded in the genus Sympegma and were designated as "Sympegmoid" type. These authors defined Sympegmoid as having non-Kranz type anatomy when they observed multiple layers of mesophyll chlorenchyma. P'yankov et al. (1997) gave a hypotheses that reversion process of the Salsoloid Kranz type leaf anatomy from a C 4 to C 3 photosyn-thesis, in genus Salsola was in the first place connected with the reduction of biochemical systems for the C 4 dicarboxylic acid cycle and then with changes in anatomical features of the photosynthetic tissues. Our results showed that S. soda from Serbia and Montenegro has Kranz type of photosynthetic cell arrangement.
The inland saline locality in Serbia had significantly lower precipitation and lower percentage of salt in the soil, which induced the formation of certain xeromorphic anatomical adaptations in leaves of the plants from this habitat. These plants had significantly larger proportion of leaf epidermis, hypodermis, palisade and vascular tissue with sclerenchyma, as well as higher number of stomata on both leaf sides. These findings are in accordance with the descriptions of leaf xeromorphic characteristics of plants from dry habitats, given by Fahn and Cutler (1992) . Flowers et al. (1986) gave anatomical features of halophytes which respond to changes in salinity. These authors found that plants that grow on high concentration of salt had relatively small number of stomata per mm 2 , thicker leaf and cuticle, larger water storage tissue and lower stelar diameter. Moreover, comparision of halomorphic characteristics of two populations indicated that plants from Montenegro (maritime saline area) had more halomorphic characteristics than plants from Pannonian plane, which could be explained by the higher salinity of the soil in Adriatic coast.
CONCLUSION
In Ulcinj salina (maritime saline area, Montenegro) and Okanj (inland saline area, Serbia) localities, studied populations grow in saline area with longer or shorter intervals of summer drought, which explains xeromorphic and halomorphic characteristics in their anatomical structure. These xeromorphic and halomorphic morpho-anatomical characteristics of two studied populations refer to ecological plasticity and adaptations of plants in their habitats. Beside this, our research has shown that S. soda has quite a stable morphoanatomical structure, since only quantitative changes were recorded. 
